
Introduction

The organisation of sensory pathways, especially from the
thalamus to the cerebral cortex has fascinated neuroscien-
tists for a long time. Anatomical and stimulation studies
have suggested that both motor and sensory pathways are
organised somatotopically all along their courses. In the
cerebral cortex, the sensory and motor pathways are or-
ganised in the form of a homonculous [23]. The somato-
topic organisation is not only maintained in the cerebral
cortex but also in the internal capsule [11]. Clinical and
radiological correlation studies have, however, reported
striking deviation from the expected pattern of the motor
pathways in the internal capsule [21]. Studies of clinical,

radiological and motor evoked potential (MEP) changes
in capsular and corona radiata infarction have revealed
that clinical and MEP findings in the internal capsular in-
farction follow a more predictable pattern compared with
the corona radiata infarction [9, 10, 15]. For diagnosing
and documenting the sensory abnormalities, somatosen-
sory evoked potentials (SEPs) are invaluable and have
been extensively studied in patients with ischaemic stroke
[13, 18, 24–26]. There have been a large number of stud-
ies on SEPs following stroke [15, 17]. Most of these have
investigated SEP changes in different locations of stroke.
Follow-up studies correlating clinical and evoked poten-
tial changes have been reported in only a few studies [15,
17]. SEP studies can be useful for studying the organisa-
tion of sensory pathways in radiologically defined dis-
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crete subcortical regions affecting the sensory pathways.
In the available literature, we could not find such a study.
We now report the median SEP changes and their clinico-
radiological correlation in patients with corona radiata and
capsular stroke and their role in predicting the 3-month
outcome.

Materials and methods

The patients with corona radiata and internal capsule infarction
have been included in the study from a group of consecutive stroke
patients managed by us from 1991 to 1996. The patients were ex-
amined within 2 weeks of ictus, and the diagnosis was confirmed
by computed tomography (CT). Cranial CT was carried out in all
patients within 1 week of ictus employing third generation CT
scanner W400 Hitachi, Japan. CT was carried out parallel to the
orbitomeatal line, obtaining 10-mm sections. The corona radiata
infarctions were classified into anterior, middle and posterior third
and internal capsular infarctions into anterior limb, genu and pos-

terior limb. Posterior limb infarctions were further subdivided into
anterior middle and posterior third (Fig. 1).

Median SEPs were obtained by stimulating the median nerve at
the wrist. Each side was stimulated separately. The patients were
asked to relax in the supine position. Active recording surface
electrodes were placed at the Erb’s point and contralateral parietal
cortex (7 cm lateral and 3 cm behind Cz, CPC). The reference elec-
trodes were placed at Fz for both Erb’s point and CPC recordings.
The electrode impedance was kept below 5 kΩ. The median nerve
was stimulated by 0.5- to 1-ms square wave pulses at 1 Hz ensur-
ing a painless twitch of the thumb. The overall handpass was
2–3000 Hz and the analysis time 100 ms; 512 responses were av-
eraged twice to ensure reproducibility. The N20, P25, N30, P45
waveforms were measured in CPC-Fz channel and N9 potential in
Erb’s point-Fz channel. the normal values were determined using
the same technique, for an age- and sex-matched population of 
32 normal volunteers. The normal values were defined by mean ±
2.5 SD of controls [19]. The upper limit of N9–N20 conduction
time in the control group was 11.3 ms (8.3, SD 1.2). The upper
limit of N20-P45 conduction time was 32.3 ms (22.3, SD 4.0). The
amplitude of N20 was 2.8, SD 2.2 µV and that of P45 was 3.9, SD
2.8 µV. The amplitude of N20 and P45 have shown a wide varia-
tion in the normal population, therefore the amplitude of the unaf-
fected side was used for comparison. A reduction of 50% or more
was considered abnormal [6].

The SEP studies were repeated at 1 and 3 months. The rela-
tionship between clinical, radiological and SEP changes was eval-
uated by the χ2 test. For defining abnormality of median SEP, both
the latency (N9–N20) and the amplitude of N20 have been consid-
ered. The P45 amplitude and P45–N20 conduction time, although
measured, have not been used in defining abnormality.

Results

Our results are based on 31 patients with internal capsule
and corona radiata infarctions. All of the patients were
right-handed, their mean age was 55 years (range 26–80)
and 6 of them were female. The patients were examined
after a mean duration of 6 days (range 1–15). Fifteen pa-
tients had corona radiata and 16 internal capsule infarc-
tions.

Internal capsular infarction

There were 16 patients with capsular infarction; the mean
age of these patients was 54 years (range 26–70) and 3 of
them were female. These patients were examined after a
mean duration of 5.9 days (range 1–14). Impairment of
pinprick and joint position sensation was present in 4 pa-
tients, which returned to normal in 3 at 3-month follow-
up. The infarctions were located in the anterior limb in 1
patient, in the genu in 4, in the genu with anterior third of
the posterior limb in 5 and isolated anterior third and pos-
terior third of the posterior limb in 1 each, and in the mid-
dle two third of the posterior limb in 2. Complete poste-
rior limb infarction was found in 2 patients. The N9–N20
conduction time of median SEP was abnormal in 1 patient
only who had complete posterior limb infarction. Interest-
ingly, the clinical sensory testing in this patient was nor-
mal. In the 4 patients with abnormal sensory findings, the
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Fig. 1 Schematic diagram of classification of internal capsular
(upper panel) and corona radiata (lower panel) infarctions.
Capsular infarctions were classified into A = anterior limb, B =
genu and C = posterior limb. The latter was further subdivided into
anterior, middle and posterior third. The corona radiata infarctions
were classified into a = anterior third, b = middle third and c = pos-
terior third. The numbers represent the cases of particular subtype



infarctions were located in the anterior limb in 1, in the
genu in 1 and in the genu with the anterior third of the
posterior limb in 2 patients. The P45 waveform was un-
recordable in 2 and the P45–N20 conduction time was
prolonged in 1 patient. These patients had normal sensa-
tion. The amplitude of N20 on the affected side ranged be-
tween 0.9 µV and 7.8 µV (mean 2.46) and on the normal
side between 1.0 µV and 7.6 µV (mean 2.6). Only 1 pa-
tient had more than 50% amplitude reduction on the af-
fected side (patient 14). In this patient, the N9–N20 con-
duction time and clinical sensory testing were normal, and
the infarction was located in the posterior third of the pos-
terior limb of the internal capsule. The amplitude of P45
on the affected side ranged between 1:1 µV and 10.6 µV
(mean 4.79) and on the normal side between 0.8 µV and
9.0 µV (mean 3.86). None of the patients with capsular in-
farctions had a significant reduction in P45 amplitude.

The clinical, radiological and SEP findings in capsular in-
farction are summarised in Table 1.

Corona radiata infarction

There were 15 patients with corona radiata infarction. The
mean age of the patients with corona radiata infarction
was 56 years (35–80) and 3 of them were female. The pa-
tients were examined after an average of 6 days of ictus
(range 1–15). Sensory abnormalities were present in 1 pa-
tient who had impaired pinprick and joint position sensa-
tion. In 1 patient, sensory testing was not reliable because
of aphasia (patient 14). The middle third of the corona ra-
diata was involved in 4, the anterior third in 3, the poste-
rior third and total corona radiata were involved in 2 pa-
tients each and the anterior two-thirds was involved in 
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Table 1 Sensory functions in
patients with internal capsule
infarction (PP pinprick, JPS
joint position sense, C cortical,
N normal, ↓ reduced, NR not
recordable, PL posterior limb,
Ant anterior limb, CSCT cen-
tral sensory conduction time,
Mid middle)

No. Age/ Day Sensory function CSCT Location Outcome
sex

PP JPS C N9–N20 P45-N20

1 45F 1 ↓ ↓ N 10.2 27.0 Ant Complete
90 N N N 10.3 27.2

2 56M 2 ↓ ↓ N 10.0 22.0 Genu –

3 54M 4 N N N 9.2 23.3 Genu Complete
90 N N N 9.1 23.6

4 53M 12 N N N 10.0 23.6 Genu –

5 43M 2 N N N 8.6 27.2 Genu Complete
90 N N N 8.6 27.0

6 52M 3 N N N 9.2 17.6 Genu & Ant 1/3 PL Partial
90 N N N 9.3 17.5

7 55M 12 N N N 10.2 27.6 Genu & Ant 1/3 PL Partial
90 N N N 10.0 27.5

8 26M 14 ↓ ↓ N 9.4 19.6 Genu & Ant 1/3 PL Complete
90 N N N 9.2 19.8

9 62M 3 N N N 10.0 27.8 Genu & Ant 1/3 PL Partial
90 N N N 10.2 27.4

10 57M 8 ↓ ↓ N 8.6 19.6 Genu & Ant 1/3 PL Complete
90 N N N 8.4 19.0

11 65M 6 N N N NR NR PL Poor
90 N N N NR NR

12 70M 2 N N N 10.0 16.0 PL Complete
90 N N N 10.0 18.0

13 70F 3 N N N 9.6 32.8 Ant 1/3 PL Partial
90 N N N 9.6 31.8

14 65M 14 N N N 10.0 25.0 Post 2/3 PL –

15 35M 3 N N N 9.2 28.0 Mid 2/3 PL –

16 58F 5 N N N 10.0 NR Mid 1/3 PL Partial
90 N N N 9.2 19.6



4 patients. Median central sensory conduction time was
normal in 4 patients, unrecordable in 3, and there was a
prolonged N9–N20 conduction time in 1 (Fig. 2). In these
patients, only 1 had abnormal sensation on clinical exam-
ination (patient 10). The location of infarction in these pa-
tients was in the anterior two-thirds of the corona radiata
in 3 (patients 9–11) and total corona radiata in 1 (patient
14). Two of these patients were followed up for 3 months
and both had poor recovery. On correlating the central

sensory conduction time with radiological findings, it was
found that SEPs were normal in isolated anterior, middle
and posterior third infarctions and even in complete corona
radiata infarction; however, SEP changes were more fre-
quent in patients with anterior two-thirds corona radiata
infarction (3 out of 4 patients). The amplitude of N20 on
the affected side ranged between 0.8 µV and 3.5 µV
(mean 1.9) and on the normal side between 0.5 µV and
4.8 µV (mean 1.9). The amplitude of N20 potential was
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Fig. 2 Median SEP in a pa-
tient with corona radiata in-
farction located in the two-
thirds (patient 11) with pro-
longed N9–N20 conduction
time (12.8 ms). This patients
had normal sensation

Table 2 Sensory functions in
patients with corona radiata in-
farction (Ant anterior, Post
posterior)

No. Age/ Day Sensory function CSCT Location Outcome
sex

PP JPS C N9–N20 P45-N20

1 50M 1 N N N 10.4 25.0 Mid 1/3 Poor
90 N N N 11.2 29.2

2 80M 2 N N N 10.0 22.4 Mid 1/3 Partial
90 N N N 10.0 22.8

3 42M 2 N N N 8.2 NR Mid 1/3 –

4 45F 5 N N N 8.0 18.4 Mid 1/3 Complete
90 N N N 8.0 18.6

5 52F 3 N N N 8.8 30.2 Ant 1/3 Complete
90 N N N 8.8 30.2

6 62F 7 N N N 10.6 15.2 Ant 1/3 –

7 60M 5 N N N 9.0 20.0 Ant 1/3 –

8 48M 8 N N N 9.6 23.2 Post 1/3 Complete
90 N N N 9.6 23.0

9 60M 4 N N N NR NR Ant 2/3 Poor
90 N N N 10.4 26.0

10 78M 4 ↓ ↓ – NR NR Ant 2/3 Poor
90 ↓ ↓ – NR NR

11 70M 9 N N N 12.8 33.2 Ant 2/3 –

12 35M 9 N N N 10.4 NR Ant 2/3 Poor
90 N N N 10.2 NR

13 40M 15 N N N 8.4 20.2 Post 1/3 –

14 63M 14 ? ? ? NR NR Total –

15 55M 4 N N N 9.2 25.2 Total Partial
90 N N N 10.0 21.4



significantly reduced on the affected side in 1 patient only
(patient 12) although his N9–N20 conduction time and
sensations were normal. The location of infarction in this
patient was in the anterior two-thirds of the corona radi-
ata. The amplitude of P45 on the affected side ranged be-
tween 0.8 µV and 10.8 µV (mean 3.6) and on the normal
side 1.1 µV and 10.2 µV (mean 3.5). Only 2 patients had
significant reduction of P45 amplitude on the affected side
(patients 4, 15). Both of these patients had normal sensa-
tion and N20–P45 conduction time. The results of sensory
testing, SEP studies and CT findings in the patients with
corona radiata infarction are presented in Table 2.

Follow-up and outcome

Nine patients with corona radiata and 12 with capsular in-
farction were followed up. At 3 months, the sensory im-
pairment improved in 3 patients with capsular infarctions.
In another patient with capsular infarction, the SEP re-
mained unrecordable even at 3 months. In patients with
corona radiata infarction, the abnormal sensory testing as
well as SEP abnormalitiy persisted in 1. In another pa-
tient, however, unrecordable SEP became normal at 3-
month follow-up. The outcome in the patients with corona
radiata and capsular infarctions did not correlate with sen-
sory and SEP abnormalities. In the patients with corona
radiata infarctions, 3 had complete, 2 partial and 4 poor
recovery. In the capsular infarction group, 6 patients had
complete, 5 partial and 1 poor recovery. With capsular in-
farctions, sensory abnormality (χ2 = 1.8, df = 1, NS), SEP
abnormality (χ2 = 2.2, df = 1, NS), and in the corona radi-
ata group the sensory abnormality (χ2 = 0.1, df = 1, NS)
and SEP abnormality (χ2 = 0.1, df = 1, NS) were not sig-
nificantly related to the outcome.

Discussion

In our study, sensory abnormalities on clinical testing were
present in 5 patients, 1 with corona radiata and 4 with cap-
sular infarction. The SEP, however, was abnormal (N9–
N20 conduction time and N20 amplitude) in 5 patients
(16%); 4 patients with corona radiata and 2 with capsular
infarction. The SEP abnormality correlated with clinical
sensory loss in only 1 patient with corona radiata infarc-
tion in our study. A better correlation between clinical
sensory testing and SEPs has been reported in a number of
earlier studies [18]. In a study of MEP and SEP, out of 
6 patients with lacunar infarction, the N20 potential was
unrecordable in the patients with sensory deficit [17]. In
lacunar infarction, SEP was abnormal in 30% of patients
[2]. In another study on cerebral infarction (4 cases of stri-
atocapsular infarction, 4 cases of lacunar infarction and 
1 case of subcortical infarction) sensory abnormalities
were present in 6, whereas SEP was abnormal in 5 of

these patients. In 3 patients, however, the abnormalities
were in the waveforms beyond N20. A higher frequency
of SEP abnormalities in other studies may be attributed to
the inclusion of waves beyond N20 [17], the amplitude
criteria [15, 17] and the inclusion of larger infarction [15,
17]. The long latency cortical potentials are variable even
in normal subjects [4, 5]. In the younger subject, the me-
dian SEP may have a V pattern instead of a W pattern,
which is common in old age [9]. We have therefore not in-
cluded the waveform beyond N20 in statistical analysis,
although these were measured.

Sequential study of SEPs in our patients revealed that
these were rather stable; in one patient only, unrecordable
SEP became normally recordable at 3 months. A high fre-
quency of SEP abnormality (48%) of cerebral infarction
has been reported in the acute stage, which declined to
39% at 2–3 months and to 29% at 1 year follow-up [15].
In another study, in most patients SEP either remained
normal or tended to become normal in the follow-up pe-
riod [17]. In our earlier studies SEP changes in putaminal
haemorrhage were also stable [20], as they were in thala-
mic haemorrhage with posterolateral extension [19]. The
change in SEP following ischaemic stroke is attributed to
recovery of neuronal function following perfusion being
restored in the ischaemic area. This may occur from a
number of processes such as breaking up of emboli, restor-
ing the patency of previously occluded vessels or opening
of collateral channels and resolution of oedema, thus pro-
viding a return of cerebral function [5, 22]. SEPs have
been reported to continue to improve even after 6 months
of stroke in some patients [17]. We however, did not fol-
low our patients after 3 months; therefore the later im-
provements in SEP cannot be commented on the basis of
our results.

The N20 potential of median SEP is regarded as origi-
nating in the primary sensory cortex [23], the thalamus [1,
7], the thalamocortical projections [8] and the parietal
cortex [12]. Most of the recent reports, however, favour a
cortical origin of SEPs. A study employing cortical sur-
face and transcortical depth recording during epilepsy sur-
gery revealed the origin of N20 and P30 potentials in area
3b, in the posterior lip of the central sulcus. Similar
recordings were obtained from subcortical areas of the
frontal region, which persisted even after removal of the
hand area of the motor cortex [4]. On median nerve stim-
ulation, there was a single focus in the primary sensory
area, which linearly correlated with regional cerebral blood
flow measured by positron emission tomography (PET).
The supplementary motor area during median nerve stim-
ulation was neither significantly activated nor was there
any increase in blood flow. This study raises doubts about
the contribution of the primary motor or supplementary
motor cortex to SEP waveforms [14]. In our study, there-
fore, we measured the N20 potential and did not study the
frontal generator N30 in Fz-EPc (contralateral Erb's point)
derivation.
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The patient with capsular infarction having genu and
anterior limb involvement had a better outcome compared
with those with total posterior limb infarction. Corona ra-
diata infarction involving two-thirds or more resulted in a
poor outcome compared with a smaller infarction. This
generalisation did have exceptions; a patient with com-
plete corona radiata infarction had a normal SEP (patient
15). The extent of infarction did not follow the correlation
with sensory loss or SEP abnormalities. This could be ow-
ing to the diffuse organisation of sensory pathways and
the escape of some fibres resulting in normal SEP. Using
N20 amplitude and N9–N20 conduction time as abnor-

mality criteria, the SEPs are abnormal in only 16% of pa-
tients with capsular and corona radiata infarctions. The le-
sion has to be extensive, involving the whole of the poste-
rior limb of the internal capsule or two-thirds of the
corona radiata, to result in a poor outcome. It can be con-
cluded from our study that SEP abnormalities do not fol-
low a predictable pattern following capsular or corona ra-
diata infarction, which may be owing to variation in the
organisation of sensory pathways.
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